th birthday.
The capitate glandular trichomes are widespreaded morphological structures in many plant families with a special biosynthetic potential. Within the Asteraceae family these hairs are predominantly found on vegetative plant organs, but for many species also on various parts of the disk florets and ray flowers. Asteraceae trichomes are known as a rich source of sesquiterpene lactones (STL), characteristic secondary metabolites of this family [1] . The main function of STL is the defense against plant pathogens and the deterrence of predators [2, 3] .
Besides the STL, flavonoids were reported from trichomes of different taxa of the Asteraceae [4] [5] [6] , but also from other plant families, like Lamiaceae [7] [8] [9] or Oleaceae [10, 11] . For Asteraceae alone, more than 2500 different flavonoids were determined, the majority being flavones and flavonols [12] . For the genus Helianthus, particularly in the 1980s, a large number of flavonoids were reported. Flavonoid glycosides, mainly of the chalcone type, incorporated into the epicuticular wax [13] , were described as leaf exudates and in ray flowers, whereas the flavonoid aglycones were predominantly found as constituents of the secreted material in glandular trichomes [4, [14] [15] [16] [17] .
Studies of the secretion process of terpenoids during trichome development of Helianthus annuus L. capitate glandular trichomes [18] revealed a strong autofluorescence within the secreted material when observed under UV light (Figure 1 ). This fluorescence could not be attributed to the STL, the main compounds sequestered into the subcuticular space. Isolation of the major fluorescent agent and spectroscopic analysis identified the compound as 7-hydroxy-6,8,4'-trimethoxyflavone (5-deoxynevadensin), a new natural product (Figure 2 were previously attributed to STL [19] . Besides this main compound, two minor 5-deoxyflavones, each with an additional methoxyl group on the B-ring were isolated, but could not be completely elucidated due to the low sample amount. In general, 5-deoxyflavones are rarely found in Asteraceae. Only a very limited number of reports are available [20, 21] and, to our knowledge, none have been detected within the tribe Heliantheae s.l. until now. Nevadensin (5,7-dihydroxy-6,8,4'-trimethoxyflavone) itself is commonly found in Asteraceae and was described for Helianthus by Schilling in 1983 [4] . As the trichomes contain a large amount of STL, which obviously function as deterrents against predators, it is certainly important for the plants to protect these compounds from oxidation. Flavonoids are known to be excellent antioxidants, which is possibly the main function of the secreted flavones in the cuticular space of glandular trichomes [19] . This is in line with the observation that in Achillea species terpenes play an important role in plant defense and are regularly accompanied by flavonoids [22] . The flavonoid naringenin and its derivatives were regularly found in combination with STL in trichome exudates of Scalesia species, a sister taxon of Helianthus [5] . Additionally, O-methylated flavonoids found in glandular trichomes of H. annuus were reported to play a major role in defense against insect pests [16] .
The sunflower inflorescence revealed to be an excellent organ to follow trichome development and the secretion process of metabolites into the subcuticular space [18] . Trichome maturation on anther appendages is linked to floret development which precedes continuously from the centre to the margin ( Figure 3a ). This offers the unique possibility to investigate all stages of trichome development from a single or, at most, two inflorescences. Light and fluorescent microscopy revealed that flavone fluorescence was never observed in trichomes of the presecetory stage and also not in the first stages of the secretory phase, when the cuticula started to separate from the cell wall ( Figure 3b ). In contrast, STL could always be detected in this early secretory stage [18] . With increasing expansion of the subcuticular space the fluorescence became visible as a strong blue colour (Figure 1 ). This colour was visible in all ensuing stages and remained stable after degradation of the trichome stalk cells in the postsecretory stage (Figure 3b ). RNA was isolated from 8 different trichome stages (1 presecretory, 5 secretory, 2 postsecretory stages) to follow the biosynthesis of the flavones by investigation of the enzymes involved. Semiquantitative RT-PCR was used to trace the expression of four genes in all stages (Figure 3c ). The constitutively expressed mRNA for ubiquitin was employed to normalize cDNA amount used for subsequent amplifications. For monitoring activity of the general phenylpropanoid pathway mRNA of phenylalanine ammonia lyase (PAL) was used. The chalcone synthase gene (CHS) was chosen as a marker for a key step in flavone biosynthesis. Additionally, the nuclear encoded Rubisco small subunit (SSU) gene was amplified to indicate the potential for photosynthetic activity in trichome stalk cells. Results show that the gene for ubiquitin was expressed in all trichome stages. It was possible to isolate intact ubiquitin RNA even from degraded stalk cells, showing the overall stability of the RNA for this enzyme. In contrast to this, the genes for PAL and Rubisco SSU were expressed differentially. The mRNA for Rubisco SSU was expressed only from pre-to midsecretory phase, but vanished with senescence of the trichome basal cells. PAL showed a similar expression profile, but faded out with beginning of the postsecretory phase (Figure 3c ). RT-PCR for CHS showed low gene activity in the first two secretory stages and was up-regulated in the penultimate secretory stage, before it vanished later on. This unexpected and strong shift in gene activity was confirmed by experiments repeated with different primer combinations (data not shown).
Our results for CHS indicate that 5-deoxyflavones are synthesized directly within capitate glandular trichomes of sunflower. This confirms data from Artemisia annua glandular trichomes [23] which show the presence of genes involved in flavonoid biosynthesis as deduced from EST sequences. From other plant species the occurrence of multiple CHS genes is known [24, 25] . However, thorough screening of sunflower EST sequences available up to now from the Compositae Genome Project Database (http://cgpdb.ucdavis.edu) did not unravel sequences for different CHS genes in sunflower.
The possibility of selectively isolating RNA from sunflower trichomes provides the option for differential display of gene activity involved in metabolite biosynthesis and secretion. This will help to identify further enzymes participating in flavone and STL formation in sunflower.
Experimental
Plant Material: Plants of Helianthus annuus breeding line HA300 were grown under greenhouse conditions with 16h additional illumination, watered daily and fertilized once a week. All experiments were carried out using trichomes from the anther appendages of differently developed flower heads.
Microscopy:
For microscopy, glandular trichomes were carefully removed from anther appendages with a lancet as described previously [18] . Microscopy Isolation, purification and quantification of the fluorescent compounds from glandular trichomes: Experiments were carried out using trichomes from the anther appendages. All solvents were obtained from Roth (Karlsruhe, Germany). For flavonoid isolation and identification, floret tips of 20 flower heads containing trichomes in early to late secretory stages were used. Tips were detached by cutting off the upper part of the florets of the complete capitula with a razor blade. The flower parts were extracted twice for 10 min with 100% CH 2 Cl 2 . The extract was filtered, concentrated, redissolved in CH 2 Cl 2 and bound to 2 g of silica gel (Merck, Darmstadt, Germany). The silica gel was tried, redissolved in n-hexane and applied on top of a silica gel column. Compounds were eluted by flash chromatography with n-hexane, followed by a solvent gradient starting with 100% of CHCl 3 and increasing amounts of EtOAc to 100% and further continued with a solvent gradient to 100% MeOH. Fluorescent compounds were found in the eluate containing Absorbtion spectra were measured using the DAD and Class-VP 7.0 software (Shimadzu). NMR experiments were performed in a Varian Unity Inova spectrometer, operating at 500 MHz.
1 H and 13 C chemical shifts were referenced to residual solvent signals at δ H/C 7.27/77.0 (CDCl 3 ). HRMS-EI data were obtained from measurements on a Jeol JMS-700.
The content of 7-hydroxy-6,8,4'-trimethoxyflavone within a single trichome was determined by a calibration curve which was generated using defined amounts of the compound in HPLC analyses (conditions as above). For quantification, 4 x 200 glandular trichomes were isolated by a microsampling method [19] from anther appendages, dissolved in MeOH and the complete extract was analysed using HPLC.
Total RNA isolation, cDNA construction and PCR expression analyses: Semiquantitative RT-PCR was performed with cDNA transcripted from total RNA isolated from pure capitate glandular trichomes. For total RNA isolation, eight different developmental stages (presecretory to postsecretory) were chosen, which were determined microscopically [18] . One presecretory stage, four secretory stages and three postsecretory stages from end of secretion to the collapse of the trichome stalk cells were used to cover the whole biosynthetically active time during development of sunflower capitate glandular trichomes. From each stage, trichomes from the anther appendages of 50 florets were isolated by carefully opening the florets with a razor blade and detachment of the trichomes with a lancet as described previously [18] . Immediately after trichome removal from anthers, cells were brought into 100 µL cooled lysis buffer supplied by the manufacturer of the RNA isolation kit (Aurum Total RNA Kit, Biorad, Munich, Germany) in a 2.0 mL reaction tube. Cells were disrupted using a mixer mill (MM20, Retsch, Hahn, Germany) at 10 Hz for 1.5 min with 3 ceramic beads (2,0 mm, Peqlab, Erlangen, Germany). After disruption, another 600 µL of lysis solution was added and total RNA was isolated following the kit instructions of the manufacturer. RNA was eluted with 80 µL of the provided elution buffer. For semiquantitative RT-PCR of different transcripts, 8 µL aliquots of total RNA were reversely transcripted in 20 µL assays using the RevertAid™ M-MuLV system from Fermentas (St. Leon-Roth, Germany) with 100 pmol of oligo dT(18)VN primer for first strand cDNA synthesis.
For normalization of cDNA quantity used for semiquantitative RT-PCR from different samples, the constitutively expressed H. annuus ubiquitin gene [26] (Genbank accession no. X14333) was amplified as internal cDNA loading control. For amplification of a 440 bp ubiquitin transcript fragment, the forward primer UBF1 (5'-CAAAACCCTAACCGGAAAGA-3') was constructed and UBR1 (5'-ACGAAGACGGAGGACGAG-3') was used as reverse primer. PCR was performed on a MasterCycler Gradient (Eppendorf, Hamburg, Germany) using 34 cycles with 53°C annealing temperature. For all following PCR comparative expression profile analysis, the same volume of cDNA for each stage, determined by the internal control, was used to get consistent results. RT-PCR was done using Rubisco SSU, chalcone synthase (CHS) and PAL gene transcripts in appropriate PCR experiments. Amplicons of H. annuus Rubisco SSU [27] were generated using forward primer HaRSF (5'-CAACATGGTGGCTCCGTTCA-3') and reverse primer HaRSR (5'-GACGAACATTGTCAAATCCGA-3'), PCR conditions were as mentioned above. For PAL transcripts forward primer was HaPAL1F (5'-CGGATTCTTCGAGTTAAG-3') and reverse HaPAL1R
(5'-CTTACGGTTGACTTCATGTTC-3'), based on the sequence published by Mazeyrat et al. 1998 [28] . CHS primer pairs were constructed using a partial H. annuus CHS sequence available at Genbank (accession no. AF071887), forward primer was HaCHSF (5'-GTGTGCATACAATGCCCC GTC-3'), reverse primer HaCHSR (5'-CATAAACCGCTTGACCGAAGACC-3'). PCR with this primer pair was performed for 35 cycles at the optimum annealing temperature of 60°C. For confirmation of the results an additional primer set HaCHSF2 (5'-CA GAAGTCGAAGATCACACAC-3') and HaCHSR2 (5'-GGTAGTGGAGCCGTC TGTAG-3') was constructed based on H. annuus EST sequences for CHS available at the Compositae Genome Project Database (Contigs 1392 and 4492; http://cgpdb.ucdavis.edu). Gel analysis showed the same result for both primer sets used for amplification of CHS genes in RT-PCR experiments (data not shown).
All amplificates were analysed on 1% agarose gels, stained with ethidium bromide. 
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